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Introduction {#sec001}
============

Glomerular filtration barrier is composed of endothelial cells, glomerular basement membrane and the slit diaphragm (SD) between foot processes (FPs) of podocytes \[[@pone.0229747.ref001]\]. Podocytes are highly specialized and ultimately differentiated glomerular visceral epithelial cells, playing a critical role in the pathogenesis of proteinuria \[[@pone.0229747.ref002]\]. Several podocyte proteins, such as nephirn, podocin, CD2AP, α-actinin-4, and transient receptor potential cation channel subfamily C member 6 (TRPC6), have been identified and proved to play important role in maintaining normal podocyte function and glomerular filtration barrier \[[@pone.0229747.ref001],[@pone.0229747.ref002]\]. Proteinuria, one of the main clinical manifestations in children with nephrotic syndrome, is mainly caused by podocyte injury which can present with disorganization of actin cytoskeleton, FP effacement, loss of the SD, detachment from glomerular basement membrane and cellular apoptosis or death \[[@pone.0229747.ref001],[@pone.0229747.ref002]\].

It has been well known that as the primary effector of the renin--angiotensin system, angiotensin II (Ang II) participates in cellular pathological processes such as inflammation, apoptosis, and fibrosis \[[@pone.0229747.ref003]\]. Recent studies have shown that Ang II can activate and/or trigger various cellular events (e.g. oxidative stress and reactive oxygen species overproduction, endoplasmic reticulum stress, autophagy and mitochondrial dysfunction), thus resulting in cytoskeletal rearrangement and podocyte apoptosis \[[@pone.0229747.ref004]--[@pone.0229747.ref009]\]. Notably, NADPH oxidase (Nox) plays a critical role in driving reactive oxygen species (ROS) production. Moreover, it was found that Nox4 is the most abundant isoform of Nox proteins in podocytes and mediates ROS-related podocyte injury in diabetic nephropathy \[[@pone.0229747.ref010]\]. Nevertheless, the underlying molecular mechanisms by which Ang II causes podocyte injury has not been fully understood.

Just recently, it has been reported that the small GTPase ADP-ribosylation factor 6 (Arf6) belonging to the Ras superfamily is present in glomerular podocytes, and elevation of Arf6 activity is required for focal adhesion turnover and lamellipodia formation following induction of nephrin tyrosine phosphorylation *in vitro* and *in vivo* \[[@pone.0229747.ref011]\]. The role of Arf protein is controlled by guanine exchange factors (GEFs) and GTPase activating proteins (GAPs), respectively. The GEFs activate Arf6 by catalyzing the exchange of GDP to GTP, whereas the GAPs inactivate Arf6 by promoting GTP hydrolysis \[[@pone.0229747.ref012]\]. Since our understanding of the role of Arf6 in podocyte injury remains incomplete, we investigated here if and how Arf6 involves Ang II-induced ROS production and cellular apoptosis in cultured human podocytes.

Materials and methods {#sec002}
=====================

Antibodies {#sec003}
----------

The primary antibodies used in this study are as the below: rabbit anti-Arf6 (cat. no. ab226389; western blot (Wb): 1 : 500; immunofluorescence (IF) staining: 1 : 200; Abcam, Cambridge, MA, USA), mouse anti-β-actin (cat. no. a5441; Wb: 1 : 5,000; Sigma-Aldrich, St. Louis, MO, USA), rabbit anti-Nox4 (cat. no. ab109225; Wb: 1 : 600; IF: 1 : 150; Abcam), mouse anti-phospho-Erk1/^2Thr202/Tyr204^ (cat. no. 9101; Wb: 1 : 1,000; Cell Signaling Technology, Danvers, MA, USA), rabbit anti-Erk1/2 (cat. no. 4695; Wb: 1 : 1000; Cell Signaling Technology), rabbit anti-cleaved caspase-3 antibody (cat. no. ab2302; IF: 1 : 100; Abcam), and rabbit anti-CD2AP (cat. no. ab231320; Wb: 1 : 400; Abcam).

Human podocytes culture, treatment and transfections {#sec004}
----------------------------------------------------

Conditionally immortalized human podocytes, a gift from Dr. Moin Saleem (University of Bristol, Bristol, United Kingdom), were maintained and cultured as described previously \[[@pone.0229747.ref013]\]. Briefly, cells were cultured in RPMI 1640 medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal calf serum (Invitrogen), 1x Insulin-Transferrin-Selenium (Gibco, Gaithersburg, MD, USA) and 1% Pen/Strep (Invitrogen). In this study, all studies were performed on human podocyte cell line in passages 6--10.

Cultured human podocytes were treated with Ang II (Enzo Life Sciences, Farmingdale, NY, USA) as indicated concentrations and time duration in the context. In experiments using Ang II receptor antagonists Losartan (Merck Pharmaceuticals, Elkhorn, NE, USA), caspase inhibitor z-VAD-fmk (Sigma-Aldrich), Arf6 inhibitor secinH3 (Sigma-Aldrich), and Erk inhibitor LY3214996 (Sigma-Aldrich), cells were pretreated for 1 h with the indicated inhibitor followed by Ang II administration in the presence of inhibitor.

To knockdown expression of Nox4, human podocytes were transfected with pSilencer 2.1-U6 puro (ThermoFisher Scientific, Wilmington, DE, USA) containing Nox4-siRNA (5'-agccagucaccaucauuucuu-3') and Lipofectamine 2000 (Invitrogen) according to the manufacturer's protocols. The sequence for the control-siRNA (5'-uaaggcuaugaagagauac-3') does not match any human genes. Stable human Nox4 knockdown podocyte cell line was created by addition of puromycin (final concentration 2.5 μg/ml; Sigma-Aldrich). After two weeks puromycin-resistant cells were collected and western blot assay was performed to verify the knockdown efficiency of Nox4.

Transient knockdown of Arf6 was performed in human podocytes using the prepackaged Arf6 Mission shRNA Lentiviral Transduction Particles (TRCN0000048005, Sigma-Aldrich) and the control shRNA that does not match any human genes, respectively. Human podocytes (1 x 10^6^ cells) were seeded in 6-well plate in the presence of 15 μl of lentiviral particles (10^6^ TU). After 12 h, Ang II was added at the final concentration of 1 μM for 48 h. Expression of Arf6 and Nox4 as well as ROS level were determined, respectively.

To overexpress CD2AP, pcDNA3.1-CD2AP (human CD2AP mRNA Reference Sequence: NM_012120.3) was cloned, and transiently transfected into podocytes with Lipofectamine 2000 (Invitrogen) according to the manufacturer's protocols. The blank vector pcDNA3.1 (a gift from Oskar Laur, Addgene plasmid \# 128034) was used as the controls. After 48 h, cells were collected and analyzed.

Detection of activated caspase 3 level {#sec005}
--------------------------------------

The level of activated caspase 3 was measured with the Caspase 3 Colorimetric Protease Assay kit (Invitrogen) according to the manufacturer\'s protocols. The level of active caspase 3 was expressed as the value of OD~405nm~. Notably, two blank wells without addition of lysates were used as the background. Background absorbance was subtracted from the absorbance of both induced and the uninduced samples.

TUNEL assay {#sec006}
-----------

Apoptotic cell death was assessed with an In-Situ Cell Death Detection Kit, Fluorescein (Sigma-Aldrich) according to the manufacturer's procedure. Nuclei were stained with the DAPI. The TUNEL-positive apoptotic cell nuclei appeared as green under an immunofluorescence microscope (Zeiss, Beijing, China). The percentage of apoptotic cells was calculated and compared.

Intracellular ROS detection {#sec007}
---------------------------

Podocytes were treated as the indicated, and the intracellular ROS level was measured with the peroxide-sensitive fluorescent probe 2',7'-dichlorodihydrofluorescin diacetate (DCFDA) according to the instructions of DCFDA Cellular ROS Detection Assay (Abcam). DCF fluorescence was detected at excitation and emission wavelengths of 488 and 520 nm, respectively, in a microplate fluorescence reader (BioTek, Beijing, China). The fold change relative to the controls was presented and compared.

Real time RT-PCR {#sec008}
----------------

Total cellular RNA was extracted with TRIzol reagent (Invitrogen) from treated podocytes. Totally, 2 μg of RNA was reversely transcribed into cDNA with the IScript cDNA Synthesis Kit (BioRad, Hercules, CA, USA) following manufacturer's protocol. Real time quantitative PCR (qPCR) was performed for evaluation of Arf6 mRNA level. The PCR reaction were 1x SYBR Green PCR Master Mix (Bio‑Rad), 1.5 μl of cDNA and 0.2 μM of Arf6 primers (forward: `5’-atggggaaggtgctatccaaa-3’`, reverse: `5’-gcagtccactacgaagatgagacc-3’`, 270 bp). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as the internal and loading control (forward: `5’-accacagtccatgccatcac-3`, reverse: `5’-tccaccaccctgttgctgta-3’`, 452 bp). The amplification was carried out by an initial denaturation at 95°C for 5 min followed by 40 cycles of 95°C for 30 sec, 60°C for 30 sec and 72°C for 30 sec. The mRNA level of Arf6 relative to GAPDH was calculated by using the 2^-ΔΔCt^, and the fold-change was presented and compared.

Western blot assay {#sec009}
------------------

Total protein was extracted with the RIPA Lysis Buffer (Millipore Sigma) containing EDTA-free protease inhibitor cocktail (Roche, Shanghai, China). Protein concentration was quantitated using a Bicinchoninic Acid Protein Assay kit (Pierce; Thermo Fisher Scientific). A total of 75 μg protein was separated using 7.5 or 12.5% SDS‑PAGE, and transferred to a nitrocellulose membrane (Abcam). Non-specific binding was blocked for 1 h in 5% fat-free milk. The indicated primary antibodies were added and incubated for overnight at 4˚C. After 3 times washes, the membranes were incubated with HRP-conjugated goat anti-rabbit or goat anti‑mouse IgG antibodies (Invitrogen) for 1 h. Restore^^™^^ Western Blot Stripping Buffer (Thermo Fisher Scientific) was used to remove the primary antibodies for re-probing the other primary antibody. The signals were detected using an ECL Substrate (Thermo Fisher Scientific), and the intensity of the specific bands was quantified using ImageJ software (version 1.51s; NIH, Bethesda, MD, USA).

Immunofluorescence staining {#sec010}
---------------------------

Podocytes were cultured on cover slides and treated as the indicated. Cells were fixed for 10 min in 4% paraformaldehyde solution followed by a 10 min-permeabilization in 0.1% Triton X-100. Thereafter, 10% goat serum was applied for reducing non-specific staining. Cells were then incubated with rabbit anti-Arf6 or rabbit anti-Nox4 antibody for overnight in cold room, followed by 1 h-incubation with Alexa Fluor 488-conjugated goat anti-rabbit IgG (Invitrogen). Secondary antibody only was used as the blank control. The cover slides were mounted with ProLong Gold Antifade Media with DAPI (Invitrogen), and images were taken on an immunofluorescence microscope (Zeiss).

Active Arf6 detection {#sec011}
---------------------

Arf6 activity was determined with the Arf6-GTP Pull-Down Kit following manufacturer's instructions (Cytoskeleton, Denver, CO, USA) and the protocol described previously \[[@pone.0229747.ref011]\]. Briefly, 500 μg of cell lysates were incubated in 4°C cold room on a rotator for 1 h with 15 μl of GGA3-PBD bead, then centrifuged at 3,000g at 4°C for 2 min. GTPγS (final concentration 200 μM) and GDP (final concentration 1 mM) treated samples were used as the positive and negative controls, respectively. Beads were washed 3 times with 600 μl each of Wash Buffer, re-spun, and then mixed with 20 μl of 2x Laemmli sample buffer and thoroughly resuspended the beads by gently tapping the bottom of the tube. The beads were boiled for 2 min, and western blot assay was performed for Arf6 activity detection.

Statistical analysis {#sec012}
--------------------

Data are presented as the mean ± standard deviation (S.D.). One-way ANOVA with the Turkey\'s post-hoc test was used for statistical analysis (GraphPad Prism6.0, GraphPad Software, Inc., La Jolla, CA, USA). *P \< 0*.*05* was considered to have significant difference.

Results {#sec013}
=======

Arf6 involves Ang II-induced podocyte injury {#sec014}
--------------------------------------------

We firstly explored podocyte injury by assessing the caspase 3 activation level in Ang II-treated podocytes. Activated caspase 3 is an important indicator for evaluation of cellular apoptosis \[[@pone.0229747.ref014]\]. Our data showed a dose- and time-dependent increase of caspase 3 activity following Ang II treatment in human podocytes (**[Fig 1A](#pone.0229747.g001){ref-type="fig"}**). We then evaluated Arf6 expression levels in Ang II-treated podocytes. After 24 h, both the mRNA and protein levels of Arf6 were significantly upregulated in 1μM of Ang II-treated podocytes (**[Fig 1B and 1C](#pone.0229747.g001){ref-type="fig"}**). The distribution of Arf6 was also assessed using indirect immunofluorescence staining in Ang II-treated podocytes. An increased signal of Arf6 particularly along cell plasma membrane was revealed at 48 h following 1μM of Ang II treatment (**[Fig 1D](#pone.0229747.g001){ref-type="fig"}**). These findings suggest that Arf6 may be related to Ang II-induced podocyte apoptosis. Arf6 is a small GTP-binding protein, we thus investigated the effect of Ang II on its activation level. The Arf6-GTP pull-down assay showed that the levels of GTP-bound Arf6 were significantly enhanced at 12 h persisting to 48 h following 1 μM of Ang II treatment (**[Fig 2A](#pone.0229747.g002){ref-type="fig"}**), indicating a time-dependent activation of Arf6. SecinH3 acts as a Sec7 domain-binding selective antagonist against a GEF protein cytohesin \[[@pone.0229747.ref015]\]. In this study, secinH3 was used as an Arf protein activation inhibitor as described previously \[[@pone.0229747.ref015]\]. We found that secinH3 remarkably decreased the levels of active Arf6-GTP in a dose-dependent manner in 1 μM of Ang II-treated podocytes (**[Fig 2B](#pone.0229747.g002){ref-type="fig"}**). Moreover, 10 μM of secinH3 dramatically inhibited Ang II-induced increase of caspase 3 activity (**[Fig 2C](#pone.0229747.g002){ref-type="fig"}**). Furthermore, we assessed cellular apoptosis with the TUNEL assay. The percentage of apoptotic cell death was significantly higher (Ang II: 27.2 ± 3.98 vs CTL: 9.1 ± 1.82, *p \< 0*.*01*) in 1 μM of Ang II-treated podocytes than that in the controls (**[Fig 2D](#pone.0229747.g002){ref-type="fig"}**). Our data also indicated that Ang II-induced apoptosis was significantly prevented by an Ang II receptor antagonist losartan (6.5 ± 1.57), Arf6 inhibitor secinH3 (17.5 ± 2.29) and caspase 3 activation inhibitor z-VAD-fmk (8.0 ± 1.65) (**[Fig 2D](#pone.0229747.g002){ref-type="fig"}**). These findings demonstrated that Arf6 activation-mediated caspase 3 signaling is related to Ang II-induced apoptosis in human podocytes.

![Arf6 is related to Ang II-induced human podocyte injury.\
**A.** Human podocytes were treated with angiotensin II (Ang II) as indicated. Apoptosis was evaluated with caspase 3 activity. Data are presented as mean ± SD. n = 5. ^*\**^*p \< 0*.*01 vs*. *0 h or as indicated comparison*. **B** and **C.** Human podocytes were treated with 1 μM of Ang II for 12, 24 and 48 h, respectively. The mRNA **(B)** and protein **(C)** levels of Arf6 was assessed and compared. Data are presented as mean ± SD. n = 3. ^*\**^*p \< 0.01 vs. 0 h. Full length blots are provided in [S1 Fig](#pone.0229747.s002){ref-type="supplementary-material"}.* **D.** Human podocytes were treated with 1 μM of Ang II for 24 h, and indirect immunofluorescence was performed for Arf6 staining (green color). The non-treated cells were used as the controls (CTL). The 2^nd^ antibody only was used for the blank control. *Magnification x 40*.](pone.0229747.g001){#pone.0229747.g001}

![Arf6 involves Ang II-induced human podocyte injury.\
**A.** Human podocytes were treated with 1 μM of angiotensin II (Ang II) for 12, 24 and 48 h, respectively. The levels of Arf6-GTP and total Arf6 were analyzed and compared. GTP-γs and GDP treated samples were used as the positive and negative control, respectively. Data are presented as mean ± SD. n = 3. ^*\**^*p \< 0*.*01 vs*. *0 h*. **B** and **C.** Human podocytes were treated with Ang II for 24 h in the absence or presence of secinH3 (SH3). The non-treated cell was used as the controls (CTL). The levels of Arf6-GTP and total Arf6 were analyzed and compared **(B)**. The effect of 10 μM of secinH3 was evaluated on caspase 3 activity in Ang II-treated podocytes **(C)**. Data are presented as mean ± SD. n = 5. ^*\**^*p \< 0*.*001 vs*. *CTL*, ^*\#*^*p \< 0*.*05 vs*. *Ang II*. **D.** Human podocytes were treated with Ang II for 24 h in the absence or presence of secinH3 (10 μM), losartan (1 μM) and v-ZAD-fmk (10 μM). The vehicle DMSO treated cells were used as the controls (CTL). TUNEL assay was performed for evaluation of apoptotic cell death (arrows). Data are presented as mean ± SD. n = 4. ^*\**^*p \< 0*.*01 vs*. *CTL*, ^*\#*^*p \< 0*.*01 vs*. *Ang II*. *Magnification x 10*. *Full length blots of A and B are provided in [S2 Fig](#pone.0229747.s003){ref-type="supplementary-material"}*.](pone.0229747.g002){#pone.0229747.g002}

Intracellular ROS plays a crucial role in induction of cellular damage \[[@pone.0229747.ref016]\]. In our study, increase of ROS levels was detected at both 24 and 48 h after 1 μM of Ang II treatment (**[Fig 3A](#pone.0229747.g003){ref-type="fig"}**), which was significantly prevented by the application of secinH3 (**[Fig 3B](#pone.0229747.g003){ref-type="fig"}**). Therefore, these data indicated that Ang II induces podocyte injury most likely by upregulation of Arf6 activity.

![Ang II increases ROS production through Arf6 in human podocytes.\
**A.** Human podocytes were treated with 1 μM of angiotensin II (Ang II) for 12, 24 and 48 h, respectively. The ROS levels were measured using DCF assay and compared. Data are presented as mean ± SD. n = 6. ^*\**^*p \< 0*.*01 vs*. *0 h*. **B.** Human podocytes were treated with 1 μM of Ang II for 24 h in the absence or presence of 10 μM of secinH3 (SCH3). The non-treated cell was used as the controls (CTL). The ROS levels were measured and compared. Data are presented as mean ± SD. n = 6. ^*\**^*p \< 0*.*01 vs*. *CTL*, ^*\#*^*p \< 0*.*05 vs*. *Ang II*.](pone.0229747.g003){#pone.0229747.g003}

Active Arf6 mediates upregulation of Nox4 through activation of Erk1/2 signaling in human podocytes {#sec015}
---------------------------------------------------------------------------------------------------

The Nox family proteins have been recognized as one of the main sources of intracellular ROS in a variety of human cell types \[[@pone.0229747.ref017]\]. It has been reported that upregulation of Nox4 plays an important role in renal oxidative stress and kidney injury \[[@pone.0229747.ref018]\]. In this study, we found that 1 μM of Ang II significantly increased Nox4 expression in a time-dependent manner (**[Fig 4A](#pone.0229747.g004){ref-type="fig"}**). To clarify the role of Nox4 in ROS production, we established stable human podocyte cell line expressing the siNox4, in which Nox4 protein level was significantly knocked down compared to the cells expressing the control siRNAs (**[Fig 4B](#pone.0229747.g004){ref-type="fig"}**). Ang II-induced ROS production was dramatically inhibited in the podocytes stably expressing the siNox4 (**[Fig 4C](#pone.0229747.g004){ref-type="fig"}**), indicating that Ang II increases ROS production through upregulation of Nox4.

![Ang II increases ROS production through Nox4 in human podocyte.\
**A.** Human podocytes were treated with 1 μM of angiotensin II (Ang II) for 12, 24, and 48 h, and the protein levels of Nox4 were assessed and compared. Data are presented as mean ± SD. n = 3. ^*\**^*p \< 0*.*01 vs*. *0 h*. **B** and **C.** Podocytes stably expressing siRNA-Nox4 (siNox4) or siRNA-control (siCTL) were treated with 1 μM of Ang II for 24 h. The non-treated podocytes were used as the controls (CTL). The protein levels of Nox4 **(B)** and the ROS **(C)** were assessed and compared. Data are presented as mean ± SD. n = 3 (B) and 6 (C). ^*\**^*p \< 0*.*01 vs*. *CTL*, ^*\#*^*p \< 0*.*05 vs*. *Ang II or Ang II + siCTL*. **D** and **E.** Podocytes were transduced with 15 μl of lentiviral shRNA-Arf6 (shArf6) and the control shRNA (shCTL), respectively. The non-treated cells were used as the controls (CTL). The protein levels of Nox4 and Arf6 **(D)** and the ROS level **(E)** were assessed. Data are presented as mean ± SD. n = 3 (D) and 4 (E). ^*\**^*p \< 0*.*01 vs*. *CTL*, ^*\#*^*p \< 0*.*05 vs*. *Ang II or Ang II + shCTL*. *Full length blots of A, B and D are provided in [S3 Fig](#pone.0229747.s004){ref-type="supplementary-material"}*.](pone.0229747.g004){#pone.0229747.g004}

To establish the potential relationship between activated Arf6 and Nox4, we investigated Nox4 expression levels in Ang II-treated podocytes with lentiviral shArf6. Our data showed that shArf6 but not the control shRNA significantly prevented increase of Nox4 protein and ROS levels in 1 μM of Ang II-treated cells (**[Fig 4D and 4E](#pone.0229747.g004){ref-type="fig"}**). We also assessed the Nox4 expression levels in Ang II -treated podocytes in the presence or absence of secinH3. As expected, we found that secinH3 significantly inhibited Ang II-induced increase of Nox4 (**[Fig 5A](#pone.0229747.g005){ref-type="fig"}**). Indirect immunofluorescence staining with anti-Nox4 antibody also showed that increased signal of Nox4 by Ang II was obviously prevented in the presence of secinH3 (**[Fig 5B](#pone.0229747.g005){ref-type="fig"}**). Therefore, these findings demonstrated that Arf6 indeed mediates Ang II-induced Nox4 upregulation in human podocytes.

![Increased Arf6-GTP elevates Nox4 through Erk1/2 in Ang II-treated human podocyte.\
Human podocytes were treated with 1 μM of angiotensin II (Ang II) for 24 h in the absence or presence of 10 μM of secinH3 (SH3). **A.** The levels of Nox4 were evaluated and compared. Data are presented as mean ± SD. n = 3. ^*\**^*p \< 0*.*01 vs*. *CTL*, ^*\#*^*p \< 0*.*05 vs*. *Ang II*. **B.** Indirect immunofluorescence staining was performed for Nox4 (green color). The secondary antibody Alexa 488-conjugated goat anti-rabbit antibody alone was used for the blank control (A488 only). *Magnification x 20*. **C.** The activation level of Erk1/2 was assessed using immunoblot assay. Data are presented as mean ± SD. n = 3. ^*\**^*p \< 0*.*01 vs*. *0 h*. **D.** Human podocytes were pretreated for 1 h with the Erk1/2 inhibitor LY3214996 (1 μM; LY), and then Ang II was added at the final concentration of 1 μM and incubated for 24 h in the presence of 1 μM of LY3214996. The protein levels of Nox4 were evaluated. Data are presented as mean ± SD. n = 3. ^*\**^*p \< 0*.*01 vs*. *AngII-0min*, ^*\#*^*p \< 0.01 vs. Ang II-24h. Full length blots of A, C and D are provided in [S4 Fig](#pone.0229747.s005){ref-type="supplementary-material"}*.](pone.0229747.g005){#pone.0229747.g005}

It has been reported that extracellular signal--regulated kinases (Erk1/2) play a critical role in regulation of Nox4 expression \[[@pone.0229747.ref019]\]. We then explored the activation level of Erk1/2 at Thr202 and Tyr204 following 1 μM of Ang II treatment. Our data showed that Erk1/2 was rapidly activated at 5 min and persistent to 24 h and 48 h following Ang II treatment (**[Fig 5C](#pone.0229747.g005){ref-type="fig"}**). We also found that inhibition of Erk1/2 signaling by LY3214996 significantly decreased Nox4 expression level in 1 μM of Ang II-treated podocytes (**[Fig 5D](#pone.0229747.g005){ref-type="fig"}**). These data suggest that Ang II upregulates Arf6-GTP activity, which then activates Erk1/2 signal being responsible for induction of Nox4 expression.

Reduction of CD2AP is responsible for Arf6-GTP activation in Ang II-treated human podocytes {#sec016}
-------------------------------------------------------------------------------------------

It was reported that in MDCK cells, overexpression of ectopic Cindr, the CD2-associted protein (CD2AP) form in *Drosophila*, inhibited activation of Arf6 \[[@pone.0229747.ref020]\]. In this study, we found that CD2AP expression was significantly decreased following 1 μM of Ang II treatment (**[Fig 6A](#pone.0229747.g006){ref-type="fig"}**). We then tested if rescue of CD2AP expression can reduce active Arf6-GTP level in Ang II-treated podocytes. We transfected human podocytes with pcDNA3.1-CD2AP to overexpress human CD2AP. Our data showed that overexpression of CD2AP was obtained in the pcDNA3.1-CD2AP transfected podocytes, but not the blank vector pcDNA3.1 alone (**[Fig 6B](#pone.0229747.g006){ref-type="fig"}**). In human podocytes overexpressing CD2AP, Arf6 activation level was significantly decreased following Ang II treatment (**[Fig 6C](#pone.0229747.g006){ref-type="fig"}**). Moreover, Ang II-mediated increases of the ROS and caspase 3 activity were also prevented by CD2AP overexpression (**[Fig 6D and 6E](#pone.0229747.g006){ref-type="fig"}**). These data suggest that Ang II decreases CD2AP expression which is responsible for upregulation of Arf6 activity in human podocytes.

![Ang II increases Arf6 activity through downregulation of CD2AP.\
Human podocytes were treated with 1 μM of angiotensin II (Ang II) for 12, 24 and 48 h. **A.** The protein levels of CD2AP were assessed using immunoblot assay. Data are presented as mean ± SD. n = 3. ^*\**^*p \< 0*.*01 vs*. *0 h*. **B-E.** Human podocytes were transfected with pcDNA3.1CD2AP and pcDNA3.1 blank vector, respectively. 24 h later, 1 μM of Ang II was added and incubated for 24 h. The expressions of CD2AP **(B)** and the levels of ROS (**C),** Arf6-GTP **(D)**, and apoptosis **(E)** were evaluated and compared. Data are presented as mean ± SD. n = 3 (B and D) and 4 (C and E). ^*\**^*p \< 0*.*05 vs*. *CTL*, ^*\#*^*p \< 0.05 vs. Ang II or Ang II + BV. Full length blots of A, B and D are provided in [S5 Fig](#pone.0229747.s006){ref-type="supplementary-material"}*.](pone.0229747.g006){#pone.0229747.g006}

Discussion {#sec017}
==========

Damage to podocytes plays a crucial role in the development of proteinuria and kidney disease \[[@pone.0229747.ref001],[@pone.0229747.ref002]\]. Ang II mediates podocytes injury directly by alteration of expression and distribution of podocyte proteins \[[@pone.0229747.ref021]\], and indirectly by induction of cellular hypertrophy, ROS and cellular apoptosis \[[@pone.0229747.ref008]\]. In this study, elevation of ROS production and caspase 3 activity as well as the percentage of apoptotic cell death were detected following Ang II treatment in human podocytes. Losartan, an Ang II type 1 receptor (AT1R) antagonist, significantly inhibited Ang II induced podocyte apoptosis, suggesting a specific role of Ang II in induction of podocyte apoptosis. A large amount of *in vitro* studies has shown that Ang II results in podocyte apoptosis \[[@pone.0229747.ref004]--[@pone.0229747.ref006], [@pone.0229747.ref022],[@pone.0229747.ref023]\]. Although some studies also show that Ang II can cause podocyte apoptosis in *in vivo* model \[[@pone.0229747.ref022]\], it should be noted that there is no reliable evidence that Ang II directly induce *in vivo* podocyte apoptosis. The biological significance of apoptosis need be further investigated in Ang II-induced podocyte injury. Nox protein is a major inducer of oxidative stress and ROS production in a variety of cell types \[[@pone.0229747.ref017]\]. Nox4 as the most abundant isoform of Nox proteins in podocytes plays multiple roles in the presence of different stimuli \[[@pone.0229747.ref010]\]. Elevation of transforming growth factor (TGF)-β in kidney tissue is related to podocyte damage such as induction of apoptosis and detachment. In mouse podocytes treated with TGF-β1, upregulation of Nox4 increases ROS production and cellular apoptosis \[[@pone.0229747.ref024]\]. High glucose-stimulated Nox4 activation induces apoptosis in cultured mouse podocytes as well as in diabetic mouse models \[[@pone.0229747.ref025],[@pone.0229747.ref026]\]. In the present study, our data showed that Ang II-induced increase of ROS production was significantly prevented in human podocytes with stable knockdown of Nox4, suggesting that upregulation of Nox4 is responsible for Ang II-induced increase of ROS production.

The small GTPase Arf6 is involved in membrane trafficking and cell motility. Arf6 operates by cycling between the GDP-bound (inactive) and the GTP-bound (active) forms \[[@pone.0229747.ref012]\]. Nephrin, an essential podocyte protein, is a critical component of podocyte slit diaphragm protein complex \[[@pone.0229747.ref027]\]. Nephrin tyrosine phosphorylation triggers cytoskeletal dynamics associated with increased lamellipodia activity and focal adhesion turnover \[[@pone.0229747.ref011],[@pone.0229747.ref028]\]. It has been demonstrated that Arf6 mediates nephrin tyrosine phosphorylation-induced podocyte focal adhesion remodeling and lamellipodia formation \[[@pone.0229747.ref011]\]. In addition, it has been reported that overexpression of dominant-negative Arf6^T27N^ completely inhibits VEGF-induced Rac1 activation and ROS production in cultured endothelial cells \[[@pone.0229747.ref029]\]. AIP1, a novel GTPase-activating protein (GAP) for Arf6 that binds to the SH3 domain of cytosolic subunit p47phox *via* its proline-rich region, can disrupt formation of an active Nox2 complex, attenuating ROS production in human endothelial cells \[[@pone.0229747.ref030]\]. In cultured vascular smooth muscle cells, Ang II promotes activation of Arf6 to control ROS production by regulation of Nox1 expression \[[@pone.0229747.ref031]\]. We then tested if Arf6 also involves Ang II-induced ROS production in human podocyte. Our data showed that both expressions and activation of Arf6 were significantly elevated following Ang II treatment in human podocytes. Arf6 activation by the cytohesin family belonging to Arf GEFs is inhibited by secinH3, a cell permeable triazole compound \[[@pone.0229747.ref015]\]. In our study, inhibition of Arf6 activity by both secinH3 and Arf6 knockdown dramatically prevented Ang II-induced caspase 3 activation as well as Nox4 and ROS production, suggesting that elevation of active Arf6-GTP by Ang II is required for Nox4 upregulation and ROS production. Just recently, it has been reported that in dynamin1/2-deficient primary podocytes, Ang II induces abnormal membrane dynamics with increased Rac1 activation and lamellipodial extension, which was attenuated in deficiency of AT1R \[[@pone.0229747.ref032]\]. This finding suggests that the internalization of AT1R is blunted and Ang II signal is prolonged in podocytes with dynamin1/2 deficiency. Nephrin tyrosine phosphorylation augments Rac1 activity through Arf6, thus leading to focal adhesion turnover and lamellipodial formation in cultured human podocytes \[[@pone.0229747.ref011]\]. In addition, it has been reported that in cultured podocytes, Ang II treatment results in actin cytoskeleton reorganization, cell adhesion reduction, actin-associated protein downregulation, and albumin permeability increase, in which TRPC6-mediated decrease of MYH9 plays a crucial role \[[@pone.0229747.ref033]\]. Therefore, actin cytoskeleton remodeling, lamellipodial activity, cell adhesion alteration, and permeability change are the important mechanisms by which Ang II induces structural and functional podocyte injury and thus filtration barrier disruption. The limitation of our study is that we only used apoptosis as the index of podocyte injury. However, our findings reveal a novel function of the small GTPase Arf6 in the context of Ang II induced podocyte injury. Effects of Arf6 activation on actin cytoskeleton, lamellipodial formation, cell adhesion, and permeability should be further evaluated in Ang II treated podocytes.

The Erks are widely expressed intracellular protein kinases that are involved in regulation of multiple cellular events \[[@pone.0229747.ref034]\]. Erks are also known to activate many transcription factors (e.g. c-myc, c-Fos, AP-1, and Elk1) responsible for regulation of various target genes \[[@pone.0229747.ref035]\]. It has been found that Ang II stimulates Erk1/2 activation and Nox4-derived ROS production in glomerular mesangial cells \[[@pone.0229747.ref036]\]. In the current study, the phospho-Erk1/2^Thr202/Tyr204^ levels were rapidly increased following Ang II treatment. Notably, inhibition of Erk1/2 signaling by LY3214996 significantly decreased Ang II-mediated upregulation of Nox4. These data suggest that Ang II elevates Nox4 expression through activation of Erk1/2 signaling pathway in human podocytes.

The adaptor protein, CD2AP, is initially identified as a T-cell adaptor protein. CD2AP is also localized at the podocyte slit diaphragm, and plays a crucial role in maintaining normal podocyte function \[[@pone.0229747.ref037]\]. In rat kangaroo kidney epithelial cells (PtK1 cell line) expressing constitutively activated Arf6^Q67L^, CD2AP was enriched at one end of F‐actin tails \[[@pone.0229747.ref038]\]. In MDCK cells, overexpression of ectopic Cindr, a CD2AP form in *Drosophila*, significantly suppressed active Arf6-GTP \[[@pone.0229747.ref020]\]. These findings suggest a direct or indirect role of CD2AP on regulation of Arf6 activity. Here, reduction of CD2AP was detected following Ang II treatment, and overexpression of CD2AP significantly inhibited Ang II-induced elevation of active Arf6-GTP, indicating that CD2AP plays an important role in suppression of Arf6 activation in human podocytes. We further demonstrated that overexpression of CD2AP prevented Ang II-induced caspase 3 activation and ROS production. However, the precise role and molecular mechanisms by which reduction of CD2AP enhanced Arf6 activation in Ang II-treated podocytes are still not clear. We propose that CD2AP may inhibit Arf6 activation possibly by binding to ArfGAPs proteins; but this issue should be further investigated in proteinuric kidney disease *in vitro* and *in vivo*.

Conclusions {#sec018}
===========

Taken together, our data demonstrated that Ang II promotes ROS production and apoptosis through activation of Arf6-Erk1/2-Nox4 signaling, in which reduction of CD2AP is responsible for Arf6 activation. These findings suggest that rescue of CD2AP expression or target against Arf6 activation may be a novel potential way for alleviating podocyte injury in such situations with abundant Ang II.
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We would like to thank the reviewer for reviewing our manuscript and their comments. Point by point responses are outlined below.

Reviewer \#1:

In this paper, the authors showed that Ang II increases, via suppression of CD2AP, Arf6 mRNA RNA, protein, and activity in cultured human podocytes. Afr6 enhances Nox4 and ROS production, and then activates caspase 3. Although precise mechanisms underlining Arf6 activation by Ang II were not shown, all data consistently support the authors' proposal. The major concern is that Ang II does not induce cell death in podocytes in vivo. Moreover, apoptosis is hardly ever observed in podocytes in vivo.

1\. The authors should show that the number of dead cells after Ang II stimulation. How much % of podocytes are actually dead dependently on caspase 3. As generally recommended (for example, PMID:17562483), apoptosis should be demonstrated by multiple methods including TUNEL staining. The authors should show whether the effect of Ang II on cell death is blocked by AT1 antagonist and caspase 3 inhibitor.

Response: As you recommended, the results from TUNEL assay have been provided in the revised manuscript (Fig 2D), showing that the percentage of apoptotic cell death was increased significantly in podocytes treated with Ang II. The data from AT1 antagonist (Losartan) and caspase 3 inhibitor (z-VAD-fmk) were also included, showing that the administration of Losartan and ZAD-fmk significantly reduced Ang II-induced apoptosis.

2\. Active caspase3 is generally stained at perinuclear region, but in Figure 2D, it is overlapped with DAPI staining. There is a concern about specificity of the staining.

Response: As you recommended, we replaced the active caspase 3 staining with the images from TUNEL assay in the revised manuscript (Fig 2D).

3\. In Fig1D, the staining observed in areas apart from DAPI staining. The authors should present the corresponding phase contrast image to show the location of the Arf6 and morphological change of the cells.

Response: Arf6 is known to be involved in vesicle trafficking and cellular morphology. It has been shown that Arf6 is also localized both in the cytoplasm and in the cell plasma membrane in podocyte (Lin JS, et al. PLoS ONE. 2017. 12(9): e0184575.), which supports our Arf6 staining pattern. We did not take the phase contrast images; but in the revised manuscript, we provided the blank control staining image (the 2nd antibody only was applied while staining was performed) to show specific staining for Arf6. In addition, the anti-Arf6 antibody that we used is commercial. Therefore, the staining of Arf6 should be specific.

4\. Ang II does not induce apoptosis in podocyte in vivo. The authors should discuss about this discrepancy and biological significance of their findings.

Response: Podocytes are ultimately differentiated glomerular visceral epithelial cells. In proteinuric kidney disease, severe injury results in podocyte differentiation, cell death, detachment, and loss of podocytes. Podocyte loss plays a key role in the development of proteinuria and kidney disease. Ang II executes hemodynamic effects on renal tissue, and has a direct influence on induction of podocyte injury by altered expression and distribution of podocyte proteins. Ang II can also promote podocyte injury indirectly by inducing cellular hypertrophy and apoptosis. Some studies have shown that Ang II can result in podocyte apoptosis both in vitro and in vivo (Márquez E, et al. Renin-angiotensin system within the diabetic podocyte. Am J Physiol Renal Physiol. 2015;308(1):F1-10; Gao Z, et al. Dab1 Contributes to Angiotensin II-Induced Apoptosis via p38 Signaling Pathway in Podocytes. Biomed Res Int. 2017;2017:2484303; Jia J, Ding G, Zhu J, Chen C, Liang W, Franki N, Singhal PC. Angiotensin II infusion induces nephrin expression changes and podocyte apoptosis. Am J Nephrol. 2008;28(3):500-7; Ren Z, Liang W, Chen C, Yang H, Singhal PC, Ding G. Angiotensin II induces nephrin dephosphorylation and podocyte injury: role of caveolin-1. Cell Signal. 2012;24(2):443-50; Chen X, et al. c-Abl mediates angiotensin II-induced apoptosis in podocytes. J Mol Histol. 2013;44(5):597-608.). However, the role of apoptotic podocytes in the pathogenesis of proteinuric kidney disease should be fully investigated in vivo. Although increasing evidences have been provided showing Ang II can induce podocyte apoptosis through Nox4, this study adds the small GTPase Arf6 to this key cellular event as a novel signaling mechanism. We added this key point and references in the revised manuscript.

5\. The precise role of CD2AP in activation of Arf6 by Ang II is not clear. Possible molecular mechanism should be discussed.

Response: Yes, the precise role and molecular mechanisms by which reduction of CD2AP enhanced Arf6 activation in Ang II-treated podocytes are still not clear. We propose that CD2AP may inhibit Arf6 activation possibly by binding to ArfGAPs proteins; but this issue should be further investigated in vitro and in vivo. We discussed this possible mechanism in the revised manuscript.

6\. In the abstract, "mall" should be "small".

Response: We are really sorry for the typing error. We have corrected it, and also checked the entire manuscript carefully for spelling and grammar.

7\. P3, l54, "Angiotensin (Ang II)" should be "Angiotensin II (Ang II)" or "Angiotensin (Ang)

II"

Response: We have corrected it. Thank you.

8\. The supplier of Ang II should be shown.

Response: The supplier of Ang II was added in the revised manuscript.

9\. P9, l192, "in the presence of absence of SecinH3" should be "in the presence or absence of

SecinH3"

Response: We are really sorry for the typing error. We have corrected it in the revised version.

10\. "BV" is an uncommon abbreviation.

Response: We avoided use of BV, and use the "pcDNA" for blank vector.

Reviewer \#2:

In the present manuscript "Angiotensin II promotes podocyte injury by activating Arf6-Erk1/2-Nox4 signaling Pathway", the authors, Che et al. demonstrated the role of Arf6 in Ang II-induced podocyte injury and shown that Ang II promotes ROS production and apoptosis through activation of Arf6-Erk1/2-Nox4 signaling, in which reduction of CD2AP is responsible for Arf6 activation. This is a well-written paper containing interesting results which merit publication. For the benefit of the reader, however, the authors should consider addressing a few

minor concerns.

1.The authors have used Arf6 inhibitor in their studies to show its role of podocyte injury. However, inhibitor sometimes not so specific because they work by affecting gene expression or activity. Thus, a set of graphs to show the expression of downstream genes by knocking down Arf6 is needed urgently.

Response: Thank you for your recommendations. We performed knockdown assay with lentiviral shRNA-Arf6 and assessed Nox4 expression and ROS level. These data have been provided in the revised manuscript (Fig 4D,E).

2.In Figure 1D, the enlarged picture is somewhat fuzzy. Please change the pictures with high resolution image.

Response: High resolution image has been provided for Fig 1D.

3.Figure 4, there is something excess in the panel of ß-actin in 4A and Nox4 in 4B. Please confirm the exposure time and treatment groups in the images.

Response: For unknown reason, sometimes, smear bands were observed in some lanes, likely resulted by an appropriate storage of lysates, unenough boiling, or the lysis buffer itself. Anyway, we replaced it with the samples from the other independent experiment.

4.Many bar charts were used in this paper. It is kindly suggested to replace it with scatter plot with bar graphs to better represent the number and the dispersion degree of specimens.

Response: Thank you for your suggestions, we provided the scatter plot images for (Fig 2D, Fig 3, Fig 4C-E, and Fig 6C,E) in the revised manuscript.

5.The manuscript is very well written and easy to understand; however, it can use some minor grammatical corrections to improve the flow.

Response: The revised manuscript has been carefully checked for spelling and grammar.

We also addressed "Journal Requirements" as the below:

a\. We formatted the manuscript according to PLOS ONE's style requirements.

b\. We avoided overlapping text with your indicated publications, and added the references in the revised manuscript.

c\. Full length blots of western blot assay are provided as the Supplementary images in Supporting information.
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Submitted filename: Response to Reviewers.docx
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Click here for additional data file.
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Reviewer \#1: (No Response)

Reviewer \#2: All comments have been addressed
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2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: 1. % of dead podocytes and TUNEL should be presented

The authors added the data of TUNEL staining and showed dependency on caspase 3. Judging from very high rate of TUNEL even in control cells (\~10%), the cells the author used were very prone to apoptosis, probably all will die within a few days.

2\. Localization of caspase 3 staining was nuclear.

The authors provided reasonable pictures of caspase 3.

3\. Phase contrast pictures would be presented for Fig 1D.

The authors did not provide phase contrast pictures, but this concern is not a central issue.

5\. Mechanism of Arf6 inhibition by CD2AP is not clear.

The authors adequately responded by adding a possible mechanism in the discussion.

6-10. Minor errors

The authors adequately amended the errors.

4\. Ang II does not induce apoptosis in vivo.

The authors should notice that TUNEL pictures in the reference 23 (Gao Z et al) and 26 (Chen X et al) show many positive staining in tubules without injury nor fragmentation of nuclei, strongly suggesting non-specific staining.　Moreover, the EM pictures of ref 24 and 26 do not show apoptosis. These unreliable data are misleading and should not be cited as evidences for in vivo apoptosis. The authors should cite more recent and reliable papers, such as JASN 30: 2307--2320, 2019. doi: <https://doi.org/10.1681/ASN.2019010053>. This paper demonstrated that Ang II directly exaggerate injury in podocytes of Dynamin knockout mice, in which internalization of AT1R is impaired, but no apoptosis was detected. Judging from the authors' Figure 5C data, it is speculated that the internalization of AT1R is blunted and Ang II signal is prolonged in the cell line used.

The authors should clearly state that there is no reliable evidence that Ang II directly induce apoptosis in podocyte in vivo, and discuss about biological significance of their findings.

Reviewer \#2: In the present manuscript "Angiotensin II promotes podocyte injury by activating Arf6-Erk1/2-Nox4 signaling Pathway"，the authors，Che et al. demonstrated the role of Arf6 in Ang II-induced podocyte injury and shown that Ang II promotes ROS production and apoptosis through activation of Arf6-Erk1/2-Nox4 signaling, in which reduction of CD2AP is responsible for Arf6 activation. The author has corrected the deficiencies of previous article. This is a well-written paper containing interesting results which merit publication.
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7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No
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While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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We would like to thank the reviewers for reviewing our manuscript and their comments. Point by point responses are outlined below.

Reviewer \#1:

1\. % of dead podocytes and TUNEL should be presented.

The authors added the data of TUNEL staining and showed dependency on caspase 3. Judging from very high rate of TUNEL even in control cells (\~10%), the cells the author used were very prone to apoptosis, probably all will die within a few days.

Response: All studies were performed on human podocyte cell line in passages 6-10. For TUNEL assay, cells were cultured on coverslips in 12-well plate and pretreated for 1 h with secinH3 (10 µM), losartan (1 µM) and v-ZAD-fmk (10 µM), respectively. Thereafter, Ang II was applied for 24 h at the concentration of 1 µM. Nontreated cell was used as the controls, but equal amount of DMSO was added because v-ZAD-fmk and secinH3 was dissolved in DMSO. The application of DMSO may have a subtle influence on cellular apoptosis. In addition, we did not see more apoptotic cells for long period culture (e.g. 72 h) in this condition. To make it clear, we added this information and the data (the number of the percentage of apoptotic cell: CTL: 9.1 ± 1.82, Ang II: 27.2 ± 3.98, Ang II+SCH3: 17.5 ± 2.29, Ang II+Los: 6.5 ± 1.57, Ang II+ ZAD 8.0 ± 1.65) in the revised manuscript. We hope that our responses are suitable. Thank you very much.

2\. Localization of caspase 3 staining was nuclear.

The authors provided reasonable pictures of caspase 3.

Response: Thank you.

3\. Phase contrast pictures would be presented for Fig 1D.

The authors did not provide phase contrast pictures, but this concern is not a central issue.

Response: Thank you.

5\. Mechanism of Arf6 inhibition by CD2AP is not clear.

The authors adequately responded by adding a possible mechanism in the discussion.

Response: Thank you.

6-10. Minor errors

The authors adequately amended the errors.

Response: Thank you.

4\. Ang II does not induce apoptosis in vivo.

The authors should notice that TUNEL pictures in the reference 23 (Gao Z et al) and 26 (Chen X et al) show many positive staining in tubules without injury nor fragmentation of nuclei, strongly suggesting non-specific staining. Moreover, the EM pictures of ref 24 and 26 do not show apoptosis. These unreliable data are misleading and should not be cited as evidences for in vivo apoptosis. The authors should cite more recent and reliable papers, such as JASN 30: 2307--2320, 2019. doi: <https://doi.org/10.1681/ASN.2019010053>. This paper demonstrated that Ang II directly exaggerate injury in podocytes of Dynamin knockout mice, in which internalization of AT1R is impaired, but no apoptosis was detected. Judging from the authors' Figure 5C data, it is speculated that the internalization of AT1R is blunted and Ang II signal is prolonged in the cell line used. The authors should clearly state that there is no reliable evidence that Ang II directly induce apoptosis in podocyte in vivo, and discuss about biological significance of their findings.

Response: Thank you for your recommendations. We removed the references 23, 24 and 26 to avoid misunderstanding and misleading to this key point. About this issue, we discussed as the below:

A large amount of in vitro studies has shown that Ang II results in podocyte apoptosis \[4-6, 22,23\]. Although some studies also show that Ang II can cause podocyte apoptosis in in vivo model \[22\], it should be noted that there is no reliable evidence that Ang II directly induce in vivo podocyte apoptosis. The biological significance of apoptosis need be further investigated in Ang II-induced podocyte injury.

Just recently, it has been reported that in dynamin1/2-deficient primary podocytes, Ang II induces abnormal membrane dynamics with increased Rac1 activation and lamellipodial extension, which was attenuated in deficiency of AT1R \[32\]. This finding suggests that the internalization of AT1R is blunted and Ang II signal is prolonged in podocytes with dynamin1/2 deficiency. Nephrin tyrosine phosphorylation augments Rac1 activity through Arf6, thus leading to focal adhesion turnover and lamellipodial formation in cultured human podocytes \[11\]. In addition, it has been reported that in cultured podocytes, Ang II treatment results in actin cytoskeleton reorganization, cell adhesion reduction, actin-associated protein downregulation, and albumin permeability increase, in which TRPC6-mediated decrease of MYH9 plays a crucial role \[33\]. Therefore, actin cytoskeleton remodeling, lamellipodial activity, cell adhesion alteration, and permeability change are the important mechanisms by which Ang II induces structural and functional podocyte injury and thus filtration barrier disruption. The limitation of our study is that we only used apoptosis as the index of podocyte injury. However, our findings reveal a novel function of the small GTPase Arf6 in the context of Ang II induced podocyte injury. Effects of Arf6 activation on actin cytoskeleton, lamellipodial formation, cell adhesion, and permeability should be further evaluated in Ang II treated podocytes.
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Angiotensin II promotes podocyte injury by activating Arf6-Erk1/2-Nox4 signaling pathway

PONE-D-19-34582R2

Dear Dr. Zhang,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements. Please especially make sure that Fig. 1C is not upside down, the bands look strange.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Michael Bader

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

10.1371/journal.pone.0229747.r006
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PONE-D-19-34582R2

Angiotensin II promotes podocyte injury by activating Arf6-Erk1/2-Nox4 signaling pathway

Dear Dr. Zhang:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Prof. Michael Bader

Academic Editor

PLOS ONE
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